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(57) ABSTRACT 

A UAV arresting hook is disclosed. The arresting hook 
facilitates the capture of a UAV via a UAV recovery system. 
In the illustrative embodiment, the arresting hook has a 
rotation block, an arm, and a plurality of latches that are 
disposed on the arm. The arm is coupled to the UAV via the 
rotation block, Which provides tWo rotational degrees of 
freedom to the arm. In a stoWed position, the arm is ?ush 
against the surface of the UAV. To deploy the arm, a free end 
of the arm is rotated aWay from the surface of the UAV. The 
arm is additionally biased to rotate about its longitudinal 
axis as it rotates aWay from the surface of the UAV. This 
rotation positions the latches to capture an arresting line that 
is part of a UAV recovery system. 



Patent Application Publication Aug. 10, 2006 Sheet 1 0f 5 US 2006/0175466 A1 

I06 

'GUQL 



Patent Application Publication Aug. 10, 2006 Sheet 2 0f 5 US 2006/0175466 A1 

5N 

60* 



Patent Application Publication Aug. 10, 2006 Sheet 3 0f 5 US 2006/0175466 A1 

T0. 

.FIQTE \ 
“W0 alllll. w m 

Z0_r.uwd_@ i \\ i 

‘ No. QT @QJQ. :5 m; 
. k TQ. 

.rinu?u \ Adm,‘ a \. 

M0 4|||| , W 

YOFUNNKw \\ . 
. “Q. 

@TQQDQi. 
Fa 9N 

y 

v1.03...» \ T2 

“0 TI w ¢|< \ . ZOCMVNWEQ 3 

NA: 

zrimdlnzu. . 



Patent Application Publication Aug. 10, 2006 Sheet 4 0f 5 US 2006/0175466 A1 



Patent Application Publication Aug. 10, 2006 Sheet 5 0f 5 US 2006/0175466 A1 

{602.1 7 



US 2006/0175466 A1 

UAV ARRESTING HOOK FOR USE WITH UAV 
RECOVERY SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to systems for retriev 
ing unmanned aerial vehicles (“UAVs”). 

BACKGROUND OF THE INVENTION 

[0002] The UAV is noW Widely used for reconnaissance. 
Characteristically small, inexpensive, and pilot-less (i.e., 
unmanned cockpit), the UAV is ideal for that purpose. 

[0003] Notwithstanding its loW cost, the UAV is not 
considered to be a disposable item; recovery is at least 
attempted after each mission. Recovery is relatively straight 
forWard When the UAV is operating over land. In such 
situations, the UAV is simply brought doWn on a makeshift 
landing ?eld. Recovery is considerably more challenging, 
hoWever, When the UAV is operating at sea. Due to the 
constant sWay, roll, pitch and yaW of a ship at sea, it is quite 
di?icult to safely land a UAV on the deck of a ship. In fact, 
deck landings are rarely attempted. 

[0004] One alternative to the deck landing is the Water 
“landing,” Wherein a UAV is simply ditched in the sea. This 
technique has its oWn draWbacks, including a reasonable 
likelihood of damage to the UAV and some risk to the 
recovery creW. A second alternative to a deck landing is to 
capture the UAV While it’s still in ?ight. 

[0005] US. Pat. No. 4,753,400 discloses a ship-mounted 
apparatus that recovers UAVs While they are in ?ight. The 
system disclosed in that patent includes a recovery net that 
is attached to a parachute. The net is also coupled, via a toW 
line, to a Winch that is located on the deck of a ship. In use, 
the parachute ?oats the recovery net to a desired altitude for 
mid-air capture of the UAV. After capture, the recovery net 
and ensnared UAV are Winched doWn to the deck. 

[0006] The apparatus that is disclosed in US. Pat. No. 
4,753,400 has several draWbacks. One draWback is that the 
apparatus disadvantageously requires a substantial amount 
of deck area. A second draWback is that a relatively labor 
intensive untangling operation is required to free the UAV 
from the net. Furthermore, the relatively abrupt stop of a 
UAV in the recovery net can damage its fragile Wings. 

[0007] As a consequence, there is a need for a UAV 
recovery system that requires little deck space, enables rapid 
re-use of a UAV after recovery, and is less likely to damage 
a UAV than traditional recovery techniques. 

SUMMARY OF THE INVENTION 

[0008] The illustrative embodiment of the invention is a 
UAV having an arresting hook. The arresting hook described 
herein is intended for use With a UAV recovery system that 
uses a single “arresting line” as the primary UAV-recovery 
element. One such UAV recovery system is disclosed in 
applicant’s co-pending US. patent application entitled 
“UAV Recovery System,” (Atty. Dkt. 711-035) Ser. No. 

, Which is incorporated by reference herein. 

[0009] In the illustrative embodiment, the arresting hook 
is coupled to the underside of the UAV about midWay 
betWeen the nose and tail. As used in this speci?cation to 
refer to a surface of a UAV, the term “underside” means that 
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portion of the fuselage that faces “doWn” (e.g., toWard land, 
toWard Water, etc.) When the UAV is in level ?ight. 

[0010] The arresting hook comprises an arm that includes 
a plurality of latches that are spaced apart along the length 
of the arm. In some embodiments, the arm is about 3 feet 
long. The arresting hook also includes an arrangement for 
rotatably coupling the arm to the UAV. In the illustrative 
embodiment, this arrangement comprises a rotation block. 

[0011] The rotation block is coupled to a mounting bracket 
that is attached to the underside of the UAV. The rotation 
block is hinged to the mounting bracket so that the block is 
free to rotate aWay from the underside of the UAV. This 
enables the arm to move from a stoWed position to a 
deployed position. In the stoWed position, the arm is ?ush 
against the underside of the UAV. In the deployed position, 
the arm hangs doWn beneath the UAV, With the free end 
toWards the tail of the UAV. In the illustrative embodiment, 
the arm rotates through about 45 degrees until it reaches its 
fully deployed position. 

[0012] When the arm is deployed so that the latches can 
snag the arresting line of a UAV recovery system, the latches 
are facing in a “forWar ” direction (i.e., in the direction of 
?ight). If the latches remained in this orientation When the 
arresting hook is in its stoWed position against the underside 
of the UAV, they Would be “sticking out” from the surface 
of the UAV. For some UAVs, there is very little clearance 
provided betWeen the body of the UAV and its launcher. In 
such cases, there Would be insu?icient clearance to accom 
modate the latches. 

[0013] To address this problem, the arm is rotated approxi 
mately 90 degrees about its longitudinal axis betWeen the 
stoWed and deployed positions. When the arresting hook is 
stoWed, the latches are lying “on their side” against the 
underside of the UAV. In this orientation, the required 
clearance betWeen the UAV and the launcher should be 
maintained, since the arm is much thinner (about 0.25 
inches) than it is deep (about 1.5 inches). When the arresting 
hook is deployed, it rotates 90 degrees about its longitudinal 
axis so that the latches are facing the forWard direction so 
that they can snare the arresting line of a UAV recovery 
system. 

[0014] In the illustrative embodiment, the rotation is 
accomplished as folloWs. The arm of the arresting hook is 
rotatably coupled to the rotation block such that the arm is 
free to rotate about its longitudinal axis. A torsion spring, 
Which is located on the rotation block, is attached to the arm. 
This creates a spring bias that urges the arm to rotate about 
its longitudinal axis. The arm is prevented from rotating in 
this fashion While it’s held ?ush against the underside of the 
UAV. Once released, Wherein one end of the arm falls aWay 
from the underside of the UAV, the arm is free to rotate about 
its longitudinal axis, and does so as a consequence of the 
bias provided by the spring. 

[0015] The arm is, therefore, provided With tWo rotational 
degrees of freedom. One of the degrees of freedom enables 
an end of the arm to drop aWay from the fuselage of the UAV 
and the other enables the arm to rotate about its oWn 
longitudinal axis to re-orient the latches so that they are 
properly positioned to snag the arresting line. In the illus 
trative embodiment, it is the rotation block that provides 
these tWo rotational degrees of freedom. 



US 2006/0175466 A1 

[0016] In the illustrative embodiment, the arresting hook 
includes latches as opposed to simple hooks because it has 
been observed that When the arm is ?oWn into the arresting 
line of a UAV recovery system, the arm tends to “bounce” 
off of the line. The latch (or other such closure mechanism) 
prevents this from occurring. That is, once captured by a 
latch, any bounce that is experienced Will not decouple the 
arm from the arresting line. 

[0017] These and other features of an arresting hook in 
accordance With the illustrative embodiment, and variations 
thereof, are described further in the Detailed Description 
beloW and depicted in the accompanying Drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 depicts a UAV With an arresting hook in 
accordance With the illustrative embodiment of the present 
invention. In FIG. 1, the arresting hook is in a deployed 
position. 
[0019] FIG. 2 depicts the arresting hook of FIG. 1 as 
vieWed from the underside of the UAV. In FIG. 2, the 
arresting hook is in a stoWed position. 

[0020] FIG. 3 depicts the rotation block of the arresting 
hook recovery operation Wherein a UAV is snared in ?ight 
by the UAV recovery system. 

[0021] FIGS. 4A-4C depict the deployment sequence the 
arresting hook, shoWing rotation of the arm aWay from the 
fuselage. This illustrates one of the tWo degrees of freedom 
of the arm of the arresting hook. 

[0022] FIGS. 5A and 5B depict the coupling of the 
rotation block and the end of the arm, Wherein a torsion 
spring is used to impart a spring bias to the arm. FIG. 6A 
depicts the arm in the stoWed orientation and FIG. 6B 
depicts the arm in the deployed orientation. 

[0023] FIGS. 6A-6C depict the deployment sequence of 
the arresting hook, shoWing rotation of the arm about its 
longitudinal axis. This illustrates one of the tWo degrees of 
freedom of the arm of the arresting hook. 

[0024] 
hook. 

FIG. 7 depicts a latch for use With the arresting 

DETAILED DESCRIPTION 

[0025] FIG. 1 depicts UAV 100 With arresting hook 112 in 
accordance With the illustrative embodiment of the present 
invention. In FIG. 1, arresting hook 112 is in a deployed 
position in preparation for snagging the arresting line (not 
depicted) of a UAV recovery system. 

[0026] UAV 100 includes fuselage 102, Wings 106, verti 
cal stabiliZer 108, horizontal stabiliZers 110, and arresting 
hook 112. The arresting hook is coupled to underside 104 of 
fuselage 102. 

[0027] FIG. 2 depicts the underside of UAV 100 and 
shoWs further detail of arresting hook 112. In FIG. 2, 
arresting hook 112 is in a stoWed position. Arresting hook 
112 is coupled to underside 104 of fuselage 102 via mount 
ing bracket 224. 

[0028] Arresting hook 112 comprises arm 214, a plurality 
of latches 220, and rotation block 222, structurally interre 
lated as shoWn. In the illustrative embodiment, arresting 
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hook 112 is coupled to fuselage 102 at about the midpoint 
betWeen the nose and tail of UAV 100. 

[0029] Front end 216 of arm 214 couples to an arrange 
ment that, in the illustrative embodiment, provides arm 214 
With tWo rotational degrees of freedom. In the illustrative 
embodiment, this arrangement comprises rotation block 
222, Which is depicted in further detail in FIG. 3. 

[0030] Rotation block 222 is also coupled to mounting 
bracket 224. Regarding the connection to the mounting 
bracket, holes 326 (FIG. 3) of rotation block 222 receive a 
pin, etc. (not depicted) from the mounting bracket. This 
enables rotation block 222 to rotate about axis A-A and, in 
turn, enables arm 214 to rotate aWay from the underside of 
fuselage 102. This represents a ?rst rotational degree of 
freedom of arm 214. 

[0031] The rotation about axis A-A is depicted in the 
simpli?ed representations of FIGS. 4A through 4C, 
Wherein back end 218 of arm 214 rotates aWay from 
underside 104 of fuselage 102. FIG. 4A depicts arm 214 
prior to release. FIG. 4B depicts arm 214 as it begins to fall 
Way from fuselage 102. FIG. 4C depicts arm 214 in the fully 
deployed position, Wherein it has rotated through an angle [3, 
Which is typically Within the range of about 30 to 60 degrees. 
This range of angles has been found to be acceptable for 
capturing the arresting line of a UAV recovery system. In 
some embodiments, angle [3 is about 45 degrees. 

[0032] The manner in Which arm 214 is coupled to rota 
tion block 222 is described With reference to FIGS. 3, 5A 
and 5B. Hole 330 of rotation block 222 receives a doWel or 
rod 538 (see FIGS. 5A and 5B) that depends from end 216 
of arm 214. Hole 330 extends from face 328, at Which it 
receives doWel 538, through body 334 of rotation block 222, 
and through to face 336. DoWel 538 protrudes (not depicted) 
from face 336 and is secured in a manner that enables the 
doWeliand arm 214ito rotate relative to rotation block 
222. This rotation is about the longitudinal axis of the doWel. 
This movement, Which is the second rotational degree of 
freedom of arm 214, Will be referenced hereinafter as 
rotation about a longitudinal axis of arm 214. 

[0033] In FIG. 5A, the orientation of end 216 of arm 214 
corresponds to the orientation that the arm takes in the 
stoWed position, as depicted in FIG. 2. In that orientation, 
arm 214 is on its “side,” lying ?at against underside 104 of 
fuselage 102. It is notable that in this orientation, latches 220 
are facing a direction that is approximately orthogonal to the 
direction of travel and, therefore, orthogonal to the direction 
that they must face in the deployed position to snag the 
arresting line of a UAV recovery system. For context, 
underside 104 of fuselage 102 Would appear directly 
“above” rotation block 222 and end 216 in FIG. 5A. 

[0034] In FIG. 5B, the orientation of end 216 of arm 214 
corresponds to the orientation that the arm takes in the 
deployed position, as depicted in FIG. 1. In that orientation, 
latches 220 are facing the direction of motion of UAV 100. 
Relative to the orientation that is depicted in FIG. 5A, end 
216 of arm 214 is rotated by about 90 degrees in a clockWise 
direction. 

[0035] As implied above, this rotation is necessary to 
bring latches 220 to the proper orientation for snagging the 
arresting line of a UAV recovery system. To urge arm 214 to 
rotate about its longitudinal axis, a “biasing” arrangement is 
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provided. In the illustrative embodiment, the biasing 
arrangement comprises torsion spring 540. The torsion 
spring is attached to rotation block 222 and end 216 of arm 
214. In the orientation of arm 214 that is depicted in FIG. 
5a, spring 540 is placed in tension. That tension urges arm 
214 to rotate about its longitudinal axis. When arm 214 is in 
the stoWed position, it is prevented from rotating by setscreW 
542. The setscreW passes through end 216 and abuts under 
side 104 of fuselage 102. 

[0036] When arm 214 is released (described further 
beloW) and begins to fall aWay from fuselage 102, end 216 
of arm 214 is no longer constrained by setscreW 542 and is 
free to rotate about its longitudinal axis, as urged by torsion 
spring 540. To prevent arm 214 from over rotating, a stop is 
provided. In the illustrative embodiment, the stop comprises 
pins 544 and 546. Pin 544 protrudes from hole 332 in face 
328 of rotation block 222 and pin 546 protrudes from a 
major surface of end 216 of arm 214. Pin 546 contacts pin 
544 to stop rotation of arm 214. 

[0037] FIGS. 6A-6C depicted simpli?ed cross-sectional 
vieWs of the rotation of arm 214 about its longitudinal axis. 
FIG. 6A depicts arm 214 lying ?at against the underside of 
fuselage 102 in the stoWed position. FIG. 6B depicts arm 
214 during rotation about its longitudinal axis. This rotation 
is free to occur once arm 214 is released from its stoWed 

position (see description beloW). FIG. 6C depicts arm 214 
in a fully rotated (deployed) orientation. In this orientation, 
latches 220 are pointing in the direction of motion so that 
they Will be able to snag the arresting line of a UAV capture 
system. 

[0038] For simplicity, arm 214 has been depicted and 
described as a one-piece structure. In some embodiments, 
“front” end 216 of arm 214, including doWel 538, is an 
adapter (not depicted) that attaches to arm 214. 

[0039] Referring noW to FIG. 2, the “back” end 218 of 
arm 214 is Weighted. In the illustrative embodiment, this 
Weight is provided by the presence of additional “arm” 
material (e.g., steel, etc.). Back end 218 is held against 
fuselage 102 by a catch, not depicted. When it is time to 
deploy arresting hook 112, a signal is sent to UAV 100. The 
signal causes the UAV to release the catch that holds end 218 
of arm 214. When the catch is released, end 218 begins to 
fall aWay from fuselage 102 (see, e.g., FIG. 4B), aided by 
the additional Weight that is concentrated at end 218. 

[0040] FIG. 7 depicts the illustrative embodiment of latch 
220. As previously indicated, arm 214 includes a plurality of 
latches; for clarity, only one latch is depicted in FIG. 7. 
Latch 220 includes ?xed hook 748 and movable gate 750. 
When an arresting line of a UAV recovery system contacts 
one of latches 220, the forWard motion of UAV 100 against 
the arresting line causes gate 750 to sWing inWard in 
direction 752. The arresting line then slides doWn gate 750 
and in toWard surface 754 of arm 214. As UAV 100 
continues to move forWard, the arresting line clears gate 750 
and slides along surface 754 toWard region 756. The gate 
snaps back against stop 758 of hook 748, thereby trapping 
the arresting line Within latch 220. 

[0041] It is to be understood that the above-described 
embodiments are merely illustrative of the present invention 
and that many variations of the above-described embodi 
ments can be devised by those skilled in the art Without 
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departing from the scope of the invention. For example, in 
this Speci?cation, numerous speci?c details are provided in 
order to provide a thorough description and understanding of 
the illustrative embodiment of the present invention. Those 
skilled in the art Will recogniZe, hoWever, that the invention 
can be practiced Without one or more of those details, or With 

other methods, materials, components, etc. 

[0042] Furthermore, in some instances, Well-knoWn struc 
tures, materials, or operations are not shoWn or described in 
detail to avoid obscuring aspects of the illustrative embodi 
ments. It is understood that the various embodiments shoWn 
in the Figures are illustrative, and are not necessarily draWn 
to scale. Reference throughout the speci?cation to “one 
embodiment” or “an embodiment” or “some embodiments” 

means that a particular feature, structure, material, or char 
acteristic described in connection With the embodiment(s) is 
included in at least one embodiment of the present invention, 
but not necessarily all embodiments. Consequently, the 
appearances of the phrase “in one embodiment,”“in an 
embodiment,” or “in some embodiments” in various places 
throughout the Speci?cation are not necessarily all referring 
to the same embodiment. Furthermore, the particular fea 
tures, structures, materials, or characteristics can be com 
bined in any suitable manner in one or more embodiments. 
It is therefore intended that such variations be included 
Within the scope of the folloWing claims and their equiva 
lents. 

What is claimed is: 
1. An apparatus comprising an arresting hook, Wherein 

said arresting hook comprises: 

an arm; 

a plurality of latches, Wherein said plurality of latches 
depend from said arm; 

an arrangement for coupling said arm to a surface, 
Wherein said arrangement provides said arm With: 

a ?rst rotational degree of freedom, Wherein said ?rst 
rotational degree of freedom enables an end of said 
arm to rotate aWay from said surface; and 

a second rotational degree of freedom, Wherein said 
second degree of freedom enables said arm to rotate 
about its longitudinal axis. 

2. The apparatus of claim 1 Wherein said surface is a 
portion of a fuselage of a UAV. 

3. The apparatus of claim 2 Wherein said arm is coupled 
to said surface at a point that is approximately midWay 
betWeen a nose and a tail of said UAV. 

4. The apparatus of claim 1 Wherein a mounting bracket 
is attached to said surface, and Wherein said arrangement 
comprises: 

a rotation block, Wherein said rotation block is rotatably 
coupled to: 

(i) said mounting bracket, Wherein said coupling of said 
rotation block to said mounting block provides said 
?rst rotational degree of freedom; and 

(ii) said arm, Wherein said coupling of said rotation 
block to said arm provides said second rotational 
degree of freedom. 
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5. The apparatus of claim 4 further comprising a biasing 
element, wherein said biasing element imparts a force to said 
arm that urges said arm to rotate about its longitudinal axis. 

6. The apparatus of claim 5 Wherein said biasing element 
comprises a torsion spring, Wherein a ?rst end of said torsion 
spring is attached to said rotation block and a second end of 
said torsion spring is attached to said arm. 

7. The apparatus of claim 4 further comprising a stop, 
Wherein said stop limits said rotation associate With said ?rst 
rotational degree of freedom to an amount Within a range of 
about 30 degrees to about 60 degrees. 

8. The apparatus of claim 1 Wherein said apparatus is a 
UAV, and Wherein said apparatus further comprises a fuse 
lage, and further Wherein said surface is a portion of said 
fuselage. 

9. The apparatus of claim 8 Wherein said surface is 
disposed approximately midWay betWeen a nose and a tail of 
said UAV. 

10. An apparatus comprising an arresting hook, Wherein 
said arresting hook comprises: 

an arm; Wherein said arm is coupled to a UAV, and 
Wherein said arm possesses tWo rotational degrees of 
freedom; and further Wherein said arm is biased to 
rotate consistent With one of said degrees of freedom; 
and 

a plurality of latches, Wherein said plurality of latches 
depend from said arm. 

11. The apparatus of claim 10 Wherein a ?rst one said tWo 
rotational degrees of freedom enables an end of said arm to 
rotate aWay from a surface of said UAV. 

12. The apparatus of claim 11 Wherein a second one of 
said tWo rotational degrees of freedom enables said arm to 
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rotate about its longitudinal axis, and Wherein said arm is 
biased to rotate about said second one of said tWo rotational 
degrees of freedom. 

13. The apparatus of claim 10 Wherein said end of said 
arm is rotated in accordance With said ?rst rotational degree 
of freedom by an amount that is betWeen about 30 to 60 
degrees. 

14. The apparatus of claim 11 Wherein said arm is rotated 
in accordance With said second rotational degree of freedom 
by about 90 degrees. 

15. The apparatus of claim 10 Wherein said tWo rotational 
degrees of freedom are providing by a rotation block, 
Wherein said rotation block couples said arm to said UAV. 

16. The apparatus of claim 15 Wherein a torsion spring is 
coupled to said rotation block and to said arm, and Wherein 
said torsion spring provides said bias for said arm to rotate. 

17. A method comprising: 

?ying a UAV toWard an arresting line, Wherein said UAV 
has an arresting hook, and Wherein said arresting hook 
comprises an arm; 

rotating a ?rst end of said arm aWay from a surface of said 
UAV; and 

rotating said arm about its longitudinal axis. 
18. The method of claim 17 contacting said arm With said 

arresting line. 
19. The method of claim 18 Wherein said arm comprises 

a plurality of latches, Wherein said method further comprises 
latching said arm to said arresting line. 

20. The method of claim 17 further comprising receiving 
a signal to release said ?rst end of said arm. 

* * * * * 


